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Abstract. Solid cylindrical bars have tremendous applications in mechanical engineering. However 
due to several factors such as corrosion, material and design defects, mechanical failure is 
unavoidable. In the present of mechanical loadings, the crack initiated at such defects and growth. 
Therefore, this work focuses on a numerical simulation to analyze the behavior of the surface cracks 
under combined mode-I loadings. Different crack aspect ratios, a/b and relative crack depth, a/D are 
used and the plastic stresslstrain is assumed to follow the Ramberg-Osgood relation. Then, the limit 
loads were combined with a reference stress method to develop a mathematical model to predict J- 
integral along the crack fiont. Referring to the results, the J-integral caf~ be predicted along the ci'aCk 
fronts. However, the capabilities to predict J-integral are reduced when a/b and a/D is increased. 
Introduction 
Failure predictions of cracked shaft in the automotive power transmissions or in nuclear power 
plants have a major safety issue. Typically, the cracks on the shaft initiated on the surface and 
growth until the fmal failure. Many factors contributed for the crack to initiate on the surface of the 
round bars such as due to corrosion [I], material [2] and design [3-61 defects. Any arbitrary 
geometry of the initiated cracks takes a semi-elliptical shape during the crack propagation [7]. 
Linear-elastic fracture mechanics (LEFM) has successfully used to characterize the crack behaviour 
under loadings. However, this analysis is constrained by significantly assumed plastic deformation 
around the crack tip. Therefore, elastic-plastic fracture mechanics (EPFM) is then used instead of 
LEFM in order to characterize these cracks. The later analysis is called J-integral is used as a 
driving fracture parameter. This is because the influence of plastic deformation has already taken 
into the consideration in the J-integral analysis [8]. Therefore, J-integral is exclusively used to study 
the component made of ductile materials or any component experienced large plastic deformation. 
In addition, the calculation of J-integral using FEA required special skills and it is also an exhausted 
work when modeling a three-dimensional finite element model containing a crack. Therefore, a 
simplified J-integral estimation scheme is highly required. However, the use of FEA is still 
important for the crack geometries are not fully explored and not widely available in open literature. 
Therefore, this work is focused to develop a mathematical model to predict J-integral based on the 
reference stress approach. 
Finite Element Modeling 
Finite element model is constructed using ANSYS software. In this analysis, a quarter FE model 
is used due to the symmetrical analysis involved. Based on the fiacture observation [2], several 
dimensionless crack aspect ratios, a/b = 0.6, 0.8, 1.0 and 1.2, and dimensionless relative crack 
depth, dD = 0.1, 0.2 and 0.3 are considered. The arrangement of the surface crack is shown in 
Fig. I(a). In addition, Fig. l(b) shows the FE model used in the analysis with the enlarged area 
around the crack tip and 20-node iso-parametric singular elements are used to construct the crack 
tip. The square-root singularity of stresses and strains are modeled by shifting the mid-point nodes 
to the quarter-point locations in the region around the crack front and the rest of the model used the 
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Results and Discussion 
The behaviours o f h i l ( 8 , ~ ; ) )  against x/h for n = 10 are shown in Fig. 3 using different loading 
ratios. Fig. 3(a) shows the h;/(6,$*)' for a/D = 0.1 with a/b are varied. It is found that the 
constancy of ~ ; / ( G , F ; ) )  occurred in the region xh < 0.4. Most of the curves h ; / ( 4 ~ ; ) '  for a/D = 
0.1 become to be closed to each other. This indicates that the combined limit load capable to predict 
J-integral. However, the predictions are limited within the specified region. The effects of 9 on the 
curves are minimal. By increasing d D  produced the region of constancy shorter compared with 
lower value of u/D. The distribution of h;/(b,<*)1 is observed to diverge significantly if 9 = 2.0 is 
used showing the tensile stress dominated the stress condition in the bar. Therefore, it is induced 
lower plasticity effect and consequently, it is reduced the capability of the combined limit load to 
predict J-integral efficiently as shown in Figs. 3(b) and 3(c). However, the influence of 9 become 
significant with the increment of a/D more than 0.2 especially for 9 = 0.5. 
It is found that the magnitude of h ; / ( 6 , ~ ; ) '  is higher if n = 5 is used. However, it is obviously 
revealed that the patterns of curves are almost indentical as i n  the-Fig. 3. It is also found that the 
- 
constancy of h ; / ( 4 ~ ; ) '  can be observed mainly for 9 S 1.0. In the same t h e ,  the constancy for 
a/D = 0.3 is limited within the region of x/h < 0.3 compared with the x h  < 0.6 for d D  I 0.2. These 
characteristics are important to predict J-integral using the proposed limit load. In general for the 
combined bending and tension loadings, different limit load must be used to predict the J-integral 
for different points on the crack fiont. This is due to the fact that the constancy of the h ; / ( 6 , ~ * ) ~  is 
difficult to occur and it is limited to the certain region of the xh on the crack front. 
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Fig. 3 Behaviour h ; / ( 4 ~ * ) '  against x/h for, (a) a/D = 0.1, @) a/D = 0.2 dan (c) a/D = 0.3 for 
n = 10 using three different loading ratios 
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Conclusion 
This paper has discussed on the development of a mathematical model to predict J-integral along 
the crack front for various surface crack geometries and shapes. This model is based on the 
reference stress approach by incorporating with the developed limit load. Referring to the results, 
the present model capable to predict the J-integral along the crack fiont. However, the predictions of 
J-integral are declined when the points along the crack fiont approached the outer surfaces. It is also 
affected by the crack aspect ratio and relative crack depth. 
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